Purpose Girdles and abdominal binders may reduce pain and stabilize the abdominal wall after laparotomy, but a risk for increased intra-abdominal pressure and decreased lung function is also hypothesized. The aim of this study was to investigate the effect of an abdominal girdle after midline laparotomy in a randomized controlled trial. Methods Twenty-three patients undergoing laparotomy were randomized to wear an elastic girdle postoperatively and 25 were randomized to no girdle. Pulmonary function was evaluated with; forced vital capacity (FVC), forced expiratory volume during one second (FEV1
Introduction
Midline laparotomy is followed by pain, reduced abdominal muscle support, reduced lung function, and pain when coughing [1] [2] [3] . Postoperative hypoxemia is a common occurrence after abdominal surgery, and postoperative atelectasis occurs in up to 85 % of patients, despite normal BMI, and normal lung function prior to surgery [2, 4] . Pain during mobilization, and when coughing, affects postoperative rehabilitation [5] .
Abdominal muscle support, in the form of a stiff girdle, corset, or elastic abdominal binder, has been used for pain relief after surgery, but evidence of its effect is weak. Some authors report a positive effect on pain with abdominal support, while others do not [1, 6, 7] . Doubt has also been raised about the risk for respiratory insufficiency due to an increase in intra-abdominal pressure and a reduction in pulmonary function. However, both Cheifetz et al. [1] and Larsson et al. [6] recently reported no deterioration in forced vital capacity (VC) and forced expiratory volume during 1 s (FEV1) in patients using nonelastic abdominal binders. Abdominal support with a binder, however, is difficult to standardize as the tightness is dependent on the force used when being applied. Softly applied, it will probably have no effect, and if it is tightened too hard, it will probably have negative side effects including increase in intra-abdominal pressure, and the risk for jeopardizing pulmonary function. Since economic restrictions in health care are increasingly common, it is important to determine whether the health economics of girdle use are positive or negative. A standard elastic girdle costs between 80 and 155 euros, and a tailor-made girdle may cost as much as 1,600 euros. If there are negative side effects of girdle use, these should not be used in routine patient management. If, however, the girdle facilitates rehabilitation after surgery, then more patients could benefit with cost saving for the health care system.
The hypothesis in this study was that abdominal support, using a prefabricated elastic girdle with a broad attachment area around the abdomen, provides cough support without negative effects on pulmonary function, reduces pain, and is easy to attach. The primary endpoint is pulmonary function estimated with cough peak expiratory flow (PEF). Secondary endpoints are pain estimated with visual analog scale (VAS) and use of analgesics and wound healing. There are no previous studies on this subject using prefabricated elastic abdominal girdles.
Methods

Patients
From the intended 50 cases, 48 (still sufficient to achieve the calculated power) were included and randomized. The patients were older than 18 years and scheduled for laparotomy, at the Section for Colorectal Surgery, via a midline incision of at least 12 cm. Incisions were planned to go pass the umbilical level. There was no upper limit in age. Both benign and malignant colorectal conditions were accepted. Exclusion criteria were dementia and the need for long-term oxygen therapy prior to surgery. The basic demographic data recorded were age, gender, history of smoking, medications, former laparotomy, height, and weight.
An independent research nurse was supplied with 50 previously prepared, randomly numbered, sealed opaque envelopes for randomization between wearing an abdominal girdle during the in-hospital postoperative period, or not.
The study protocol, adhering to the criteria of the Helsinki Declaration, was approved by the Ethics Review Board at the Karolinska Institutet, Stockholm, Sweden, and written informed consent was obtained from the patients that were included. The study is registered at ClinicalTrials.gov, number NCT01517217.
Girdles
Elastic girdles from NordiCare® (Sweden) were used (Fig. 1) . These girdles have a broad Velcro attachment area and are thereby easy to apply. There are no strips or seams which is important for comfort, even if the patient has to stay in bed much of the time during the initial postoperative period. Since the patient group constituted colorectal surgery, the possibility to wear a girdle even in the case of a stoma was important. One of the available girdle materials allows for the cutting out of an orifice in the girdle in the event of a stoma. A proper size for each patient was selected and fitted by a trained nurse so as to achieve firm support for the abdominal muscles without giving rise to breathing difficulty. Five different sizes of the girdles were provided.
Cough PEF and pulmonary function
Pulmonary function and cough PEF were recorded on the day before surgery and then on postoperative days 1-5 or until discharge from the hospital. The highest of three recordings was used in the analyses.
The peak expiratory flow during a cough maneuver (cough PEF) was recorded with a Mini Wright instrument (Clermont Clarke International Limited, UK) in the sitting position. The upper limit was 800 l/min with an estimated normal value of 360 l/min.
Pulmonary function was measured with a portable spirometer (Care Fusion Spiro USB, Micro Medical Limited, UK) with measurement of forced vital capacity (FVC), FEV1, and PEF in the seated position with both feet on the floor. Patients were requested to inhale as deeply as possible and then exhale forcefully until as much air as possible was expelled. This was repeated three times in a standardized manner to assure proper and reproducible results [8] . All data were stored on a computer.
Pain
All patients were evaluated with regard to their perceived pain using two methods-the VAS and the ventral hernia pain questionnaire [9] . Fig. 1 The elastic girdles used in the study A verbal explanation of how to use the VAS scale to describe pain on a continuous scale from 1 (no pain) to 10 (unbearable pain) was given to each patient. The patient's assessment was given a value from 1 to 10 according to a blinded scale on the back of the VAS ruler. Pain assessment with the VAS was made and recorded on the day prior to surgery and twice each day for the first 5 days postoperatively.
The ventral hernia pain questionnaire (VHPQ) is a validated and reliable questionnaire for the assessment of abdominal wall pain and function following surgery for ventral hernia [9] . The questionnaire has a total of 20 questions addressing the level and duration of pain, its affect on daily activities, and patient satisfaction. Patients were asked to complete the VHPQ on the day prior to surgery and on day 5 postoperatively or, if sooner, the day of discharge from the surgical ward.
Intra-abdominal pressure measurement
Intra-abdominal pressure was evaluated in patients who received epidural anesthesia. A suprapubic catheter or catheter à demeure was used to measure the height of the urine column above the abdominal wall with the patient in the supine position. Any patient receiving epidural pain relief was noted for future reference and comparison regarding their perceived pain, mobilization, and bowel function. Daily evaluation of mobilization and the return of bowel function were recorded.
Wound healing
A photograph was taken on day 5 or earlier if the patient was discharged before. An independent observer, blinded to the treatment group, evaluated the pictures in terms of redness, swelling, fluid, pus, discoloration, and wound dehiscence.
Statistical analysis
Cough PEF was defined as the primary effect variable. Based on previous measurements, a normal cough PEF without a girdle was estimated to be 360 l/min [10] . In patients with muscular weakness such as Duchenne's dystrophy, the cough PEF is 138 l/min and can be increased to as much as 204 l/min with the help of abdominal thrust [11] . With the acceptance that the standard deviation is 40 l/min and that a girdle would improve performance by 10 %, 21 patients were required in each group (42 in total) for a 95 % significance level and power of 80 %. In order to compensate for probable patient dropout, the study was designed to include 50 patients.
Statistica version 10 (Statsoft, Tulsa USA) was used for statistical analysis. Comparisons between groups were made using the Mann-Whitney U test, whereas comparisons between two measurements were evaluated with the Wilcoxon Sign Rank test. Any change in respiratory physiologic parameters was calculated as a proportion of the baseline value. Comparisons between groups with repeated measurements were made using ANOVA with repeated measure design until discharge. Comparison between dichotomous variables was made using the Chi Square test.
Results
Twenty-three patients were randomized to wear a girdle in the postoperative period and 25 were not. Two patients randomized to the girdle group were later excluded because they did not use the girdle after surgery. One was not motivated and the other felt that the girdle was uncomfortable. A CONSORT diagram is given in Fig. 2 , and patient characteristics are presented in Table 1 .
Cough PEF and lung function
Cough PEF recordings during the study period are shown in Fig. 3 . No statistically significant differences are seen in distribution. ANOVA analyses showed from days 1 to 4, p= 0.66 (F=0.21) for 41 patients and from days 1 to 5, p=0.49 (F=0.49) ( Table 2 ). Eight randomly distributed observations were missing and replaced by the mean from the day before and after.
No significant differences were seen between the groups concerning FVC, FEV1, and PEF (Figs. 3 and 4) . Values for postoperative days 2 and 4 were compared with preoperative values. Differences were calculated relative to preoperative baseline values (Table 2 ). Respiratory function decreased by approximately 30 % in both the girdle and non-girdle groups ( Table 2) .
The ANOVA analysis showed no significant difference between girdle and non-girdle patients concerning pulmonary function (Figs. 3 and 4 and Table 2 ). 
Pain
When measured using the VAS, regardless of treatment group, there was significantly more pain on postoperative day 2 compared to preoperative abdominal pain (p<0.001). Patients randomized to the girdle group reported significantly less pain on day 5 postoperatively, compared to the non-girdle group (p=0.004). When ANOVA analyses were performed, four randomly distributed observations were missing and substituted with a mean from the day before and the day after. Between days 1 and 3, the p value was=0.13 (F=2.33), for 43 patients, and days 1 to 5 had p=0.003 (F=10.52) for 30 patients (Fig. 5) . Most patients received epidural anesthesia postoperatively, oral paracetamol was used as routine and additional intravenous or per oral morphine when needed (Table 1) . For epidural anesthesia a solution with bupivacaine 1 mg/ml, fentanyl 2 μg/ml, and adrenalin 2 μg/ml (Breiviks solution) was used. For those patient who needed morphine, there was a significant less dosage in the girdle group on day 5 (p<0.02). No other differences was seen regarding pain killer.
Using the VHPQ, preoperative values for perceived pain and its effect on the performance of daily activities were the same for the girdle and non-girdle groups. Postoperatively, the use of a girdle did not significantly alter this relationship. The most pronounced difference was seen with regard to the affect of pain on the ability to rise from a chair, when comparing preto postoperative responses. Though not reaching statistical significance, patients in the girdle group did report greater difficulty in carrying out daily activities compared to those in the non-girdle group (Table 3) . There was no difference in patient satisfaction following surgery between the girdle and non-girdle group.
Intra-abdominal pressure
The intra-abdominal pressure was measured in 18 patients, 8 with a girdle and 10 without. Mean pressure in the girdle group was 13.4 cm H 2 O (range 6-26 cm H 2 O) and in the non-girdle group 9.3 cm H 2 O (range 5-24 cm H 2 O). There was no significant difference seen between the groups. Wound healing
There were no differences in healing in terms of redness, swelling, and purulence at time of discharge (Fig. 1a, b ). There were four patients in each group who had redness around the wound. Swelling was seen in two patients in the non-girdle group, and purulence occurred in three patients in the non-girdle group. No swelling or purulence occurred in patients using a girdle. No surgical or medical intervention was necessary.
Discussion
Girdle treatment did not have a detrimental effect on pulmonary function in colorectal patients undergoing routine laparotomy in this randomized controlled trial. As in previous studies, there was a deterioration in pulmonary function immediately after surgery [2, 4] especially in patients with impaired respiratory muscle function [12, 13] . It is not known if this was caused by deterioration in respiratory muscle function, fear of pain upon deep breathing, or some other cause. This is the first randomized controlled trial evaluating lung function and post-laparotomy pain in patients using a prefabricated elastic girdle, and it is the only RCT investigating cough PEF and intra-abdominal pressure when using abdominal support after laparotomy. The present study was designed to detect a hypothesized improvement in respiratory physiology (although the power calculation was two tailed) with cough PEF as the primary endpoint in a group of patients undergoing routine colorectal surgery. The present results support two previous trials reporting no effect on lung function when using elastic abdominal binders after laparotomy [1, 6] . Cheifetz et al. [1] observed a reduction in pain after surgery while Larson et al. [6] did not. Girdles are not only used after midline laparotomy but also after ventral hernia surgery in an attempt to prevent seroma formation and to improve mesh ingrowth [14] . As reported by Bach's group, girdles are also used to provide abdominal support in patients with Duchenne's muscle dystrophy resulting in a better cough PEF [11] . Both Parfrey et al. [4] and Lindberg et al. [2] reported that lung function is reduced after abdominal surgery. In the present study, it was hypothesized that abdominal support and using girdles would reduce pain and facilitate cough after surgery. However, pulmonary function and also cough strength, measured as cough PEF, deteriorated immediately after surgery among the present patients, independent of whether girdles were used or not.
The intra-abdominal pressure in the girdle group did not exceed that of patients without a girdle. This may indicate that raised abdominal pressure and considerably impaired pulmonary function, frequently observed after major ventral hernia surgery, are related to the surgery per se and not to the use of a girdle [15] . The intestinal paralysis, that often follows abdominal colorectal surgery, is also likely to contribute to elevated intra-abdominal pressure. In this study, the pressure was measured in the lower part of the abdomen via a urinary catheter. The question of whether the pressure is different or comparable in the upper part of the abdomen has yet to be investigated.
Preoperative pulmonary assessment can be used as a prognostic factor in patients undergoing upper abdominal surgery [16] . Surgery is often performed within weeks of discovery of malignant disease for psychological and prognostic reasons. Surgery for benign conditions allows for optimization of pulmonary function, including the restriction of smoking [17, 18] and preoperative inspiratory muscle training [19] . Since pulmonary function is a determinant for overall outcome, it is important that measures taken to improve other modalities, such as a postoperative girdle for support and pain relief, do not impinge on respiratory function. The secondary endpoint wound healing was not affected by the use of a girdle. Most of the patients were not operated on during the summer which may be one reason why the girdle did not provoke annoying warmth. This could also have effected wound healing.
The experience of pain not only affects one's state of wellbeing but it also encroaches on activities of daily living. The VHPQ was designed to assess pain as it is perceived by the individual and in terms of how it affects the execution of daily Girdle YES  5  1  2  2  1  2  2  Non-girdle YES  2  2  0  2  3  3  2  Girdle NO  2  2  1  1  2  1  2  Non-girdle NO  3  3  6  4  3  5  3 The table shows the number of patients who actively replied with a yes or no in questions about difficulties in performing various activities. All patients completed the questionnaire activities. It was composed with the help of patients who had undergone abdominal surgery for ventral hernia [9] . With the experience gained in this study, it seems that the VHPQ can also be used in patients undergoing laparotomy. Cheifetz et al. [1] , in one of two similar previous studies reported better comfort and less pain using an binding after laparotomy. These findings were reproduced in the present study where the secondary endpoint pain was significantly reduced in the girdle group. The need for less morphine in the girdle group on day 5 enhances the finding that girdle gives less postoperative pain after laparotomy but the small numbers of patient with painkillers makes this finding uncertain. Reasons for the reduction in pain may include less displacement of the abdominal wall, and support of the natural muscle girdle. Reduced pain, however, was not followed by better cough PEF and pulmonary function. This would suggest that reduced lung function after surgery is probably mainly due to factors other than pain, i.e., atelectasis, drug effects, etc. One reason why no difference, between groups, in postoperative respiratory parameters was detected may be that power calculations were made from values that were considered normal in the preoperative situation. Circumstances and prerequisites, however, obviously change during the postoperative course. Comfort is of importance for mobilization, and the girdles in this study were individually fitted and elastic for convenience, but still provided muscle support for the abdomen with less pain as a result.
In conclusion, a prefabricated individually fitted elastic girdle used after midline colorectal laparotomy reduces pain, without affecting cough strength, lung function, and intraabdominal pressure. The decline in lung function observed after surgery is restrictive and thought to be due to anesthesia and the surgical procedure per se.
